By employing the continuation theorem of coincidence degree theory, we derive a sufficient condition for the existence and attractivity of at least a positive periodic solution of the generalized predator-prey model with exploited term. MSC: 92D25; 34C25; 34K15
Introduction
In recent years, the existence of positive periodic solutions of the prey-predator model has been widely studied [-] . The qualitative analysis of predator-prey systems is an interesting mathematical problem and has attracted a great attention of many mathematicians and biologists [, ] . Recently, Xu and Chen [] investigated the two-species ratio-dependent predator-prey different model with time delay. Since a realistic model requires the inclusion of the effect of changing environment, recently, Shihua and Feng [] have considered the following model:
)(a  (t) -a  (t)x  (t) -a  (t)x  (t) m(t)x  (t)+x  (t) ) + D  (t)(x  (t) -x  (t)) -h  (t), x  (t) = x  (t)(a  (t) -a  (t)x  (t)) + D  (t)(x  (t) -x  (t)) -h  (t), x  (t) = x  (t)(-a  (t) -a  (t)x  (t) + a  (t)x  (t-τ ) m(t)x  (t-τ )+x  (t-τ )
) -h  (t),
where D i (t) (i = , ), a i (t) (i = , , ), a  (t), a  (t), a  (t), a  (t) and m(t) are strictly positive continuous w-periodic functions.
In the paper, we will study the following model:
x  (t) = x  (t)(g  (t, x  (t)) -a  (t)x  (t) m(t)x  (t)+x  (t) ) + D  (t)(x  (t) -x  (t)) -h  (t),
x  (t) = x  (t)(g  (t, x  (t)) + D  (t)(x  (t) -x  (t)) -h  (t),
x  (t) = x  (t)(-a  (t) -a  (t)x  (t) + a  (t)x  (t-τ ) m(t)x  (t-τ )+x  (t-τ )
) -h  (t), (.) http://www.advancesindifferenceequations.com/content/2013/1/52 where D i (t) (i = , ), a  (t), a  (t), m(t) are the same as in model (.). Some assumptions on the above functions on g i (t, x) (i = , ) will be given in next section.
Our aim in this paper is to establish a sufficient condition for the existence and attractivity of at least a positive w-periodic solution of model (.).
Main result
To obtain the existence of positive periodic solutions of system (.), we summarize some concepts and results from [] that will be basic for this section.
Let X, Z be Banach spaces, let L : Dom L ⊂ X → Y be a linear mapping, and let N : X → Z be a continuous mapping. The mapping L will be called a Fredholm mapping of index zero if dim Ker L = codim Im L < +∞ and Im L is closed in Z. If L is a Fredholm mapping of index zero, there exist continuous projectors P :
We denote the inverse of that map by Kp.
If is an open-bounded subset of X, the mapping N will be called L-compact on if QN( ) is bounded and
In the proof of our existence theorem, we will use the continuation theorem of Gaines and Mawhin [] .
Lemma . [] Let L be a Fredholm mapping of index zero and let N be L-compact on .

Suppose the following:
The Lx = Nx has at least one solution in Dom L ∩ . For convenience, we introduce the notations
where f is a continuous w-periodic function. Our main result on the global existence of a positive periodic solution of system (.) is stated in the following theorem.
Theorem . Assume that
(H  ) there exists a constant B such that for ∀x ∈ R, when x ≥ B,
Then system (.) has at least one positive w-periodic solution.
Proof Consider the system
Hence it is easy to see
T is a positive w-periodic solution of system (.). Therefore, for (.) to have at least one positive w-periodic solution, it is sufficient that (.) has at least one w-periodic solution.
In order to apply Lemma . to system (.), we take
for any u ∈ Z (or Z). Then X and Z are Banach spaces with the norm · . Let
Then it follows that
and P, Q are continuous projectors such that
Therefore, L is a Fredholm mapping of index zero. Furthermore, the generalized inverse
where
and
Obviously 
(.)
It is clear that
From this and system (.), we obtain
There are two cases to consider for (.) and (.).
. From this and (.), we have
which, together with condition (H  ) in Theorem ., gives
. From this and (.), we have
which, together with condition (H  ) in Theorem ., gives
From Case  and Case , we obtain
There are two cases to consider for (.) and (.).
. From this and (.), we have
which, together with condition (H  ) in Theorem ., gives
. From this and (.), we have
which, together with condition (H  ) in Theorem ., gives
From Case  and Case , we have
From Theorem .(H  ), we get
From (.)-(.), we obtain, for ∀t ∈ R,
provided that system (.) has a solution or a number of solutions, and that
where t i ∈ (, w) will appear in QNu below. Now we take = {u = (u  (t), u  (t), u  (t)) T ∈ X : u < M}. This satisfies condition (i) of
If system (.) has one or more solutions, then
where t i ∈ (, w) are one constant. If system (.) does not have a solution, then naturally
This shows that condition (ii) of Lemma . is satisfied finally. We will prove that condition (iii) of Lemma . is satisfied. We only prove that
Our proof will be broken into three steps as follows. http://www.advancesindifferenceequations.com/content/2013/1/52
Step . We prove
To this end, we define the mapping φ  :
if the conclusion is not true, i.e., the constant vector u with
it follows the arguments of (.)-(.) that
which contradicts the fact that  i= |u i | = M. According to topological degree theory, we have
Step . We prove
where a  , a  are two chosen positive constants such that
To this end, we define the mapping φ  :
where μ  ∈ [, ] is a parameter. We will prove that when u ∈ ∂ ∩Ker L,
i= |u i | = M. Now we consider two possible cases:
we have
Thus
which contradicts the fact that
T . According to topological degree theory, we obtain
Step . We prove
To this end, we define the mapping φ  :
where μ  ∈ [, ] is a parameter and a  , a  are two chosen positive constants such that D < ln
We claim that u  < B; otherwise, if u  ≥ B, then from condition (H  ) in Theorem ., we have
Consequently,
which contradicts (.). We also claim that that is,
which leads to a contradiction. Therefore, by means of topological degree theory, we have
From the proof of the three steps above, we obtain
Because of condition (H  ) in Theorem ., the system of algebraic equations
Therefore, from (.), we have
This completes the proof of Theorem ..
An example
Consider the system
) + D  (t)(x  (t) -x  (t)), x  = x  (t)(a  (t) -a  (t)x  (t)) + D  (t)(x  (t) -x  (t)), ) + D  (t)(x  (t) -x  (t)),
x  = x  (t)(a  (t) -a  (t)x  (t)) + D  (t)(x  (t) -x  (t)), 
